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The present invention is a continuation in 
part of my application Serial Number 
166,621 filed February 8th, 1927. 

My invention relates to methods of con- 
trolling the charging of storage batteries and 
to apparatus for accomplishing such control, 
and is particularly applicable to the control 


_of the charge of a storage battery which is 


15 
_ plying an emergency lighting circuit for 


3 


3 


4 


subject to intermittent discharges. which 
occur at more or less uncertain intervals and 
of varying amounts. One example of such 
method of operation is a battery employed 
for supplying current to the filament circuit 
of a radioreceiving set. As another example 
might be mentioned a battery used for sup- 


theatre exit light or for hospital illumina- 
tion in case of the interruption of the normal 


- supply of current. 
20 


he object of my invention is to provide 
for automatically recharging the. battery 
after a discharge, se as to rapidly restore the 
battery in respect to the current which has 


-- beeen taken out, and then maintain the bet- 


i) 


tery in a fully charged ‘condition, ready for 
another similar discharge without endanger- 
{ne unnecessary overcharge and to accom- 
plish this automatically without the necessity 
of.any manual adjustment of the charging 
apparatus and with comparatively simple, 
reliable and inexpensive control devices. 

My irivention will be more clearly under- 


. stood by referring to the following descrip- 
tion in’ connection with the accompanying 


o 


drawings in which 

Figure 1 illustrates diagrammatically one 
embodiment of my invention as applied to 
the control of a storage battery used for sup- 
plying current to the filament. circuit of a 
radio receiving set, and 

Fig. 2 shows a typical characteristic charg- 
ing voltage curve of a storage battery to 
which reference will be made in explaining 


- the operation of the apparatus illustrated in 


45 Fig. 1. 
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_In Fig. 1, 9 indicates a storage battery con- 


nected to the circuit 10, 11, 12, which supplies 
current to the filaments 13 of the electronic 
tubes of a radio receiving set, the grids of 
these tubes being shown at 14 and the plates at 


15. The other circuits and apparatus of the: 


receiving set, have been omitted as they form 
no part of this invention. 
urrent for charging the storage battery 
is derived from the alternating current cir- 
cuit 1, 2, through a suitable transformer T, 
whose pany winding is indicated by the 
numeral 3 and whose secondary winding is 
indicated by the numeral 4: , Between the 
secondary winding 4 2nd the ‘battery 9 is 
shown an clectronic:rectifier 6, whose fila- 
ment 7 is excited by connecting it to a few 
turns of the secondary. winding 4, and whose 
late 8 is connected to one terminal of the 
attery 9. The other terminal of the battery 
9 is connected through a resistor 5 to the cor- 
Seep ORCINE, terminal of the secondary wind- 
ing 4. 
At R is shown an electro-magnetic relay 
whose exciting winding 16 is connected across 
the terminals of the battery 9, the circuit of 
this winding being completed through the 
contacts 30 of the electromagnetic switch C 
via conductors 28 and 29. Armature 19 of 
the relay R is normally held by the spring 21 
in contact with the contact point 20, thereby 
completing a short-circuit around the resistor 
5 via conductors 22 and 23.- It will be noted 
that the apparatus thus provides for two dif- 
ferent rates of charging current into the bat- 


tery 9, the maximum rate being delivered . 


when the resistor 5 is short circuited and the 
minimum rate being delivered when this re- 
sistor is included in the charging circuit upon 
the opening of the contact between the arma- 


ture 19 and the contact point 20, this opening’ 


being the result of a suitable exciting current 
in the coil 16. 


An electro-magnetic switch C.is shown, 


whose actuating coil 25 is connected in the 
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loud circuit 11,12. The magnetic core 26‘of 
this switch carries two contact bars 27 and 31 
insulated from cach other. When the core 
26 is in its lowest position, the contact bar 
- 27 bridges the contact points 30 in the cir- 
cuit of the coil 16 and the contact bar 31 
bridges the contacts 24 which are connected 
by conductors 17 and 18 in cireuié between 
the conductor 2 and the primary winding 
yo 3 of transformer T. When the coil 25 is ex- 
cited by current in the load circuit, the core 
_ 26 is hfted, opening the connections across 
contacts 30 and 24. ; 
A manually operated switeh S is shown in 


3p the load circuit. 


The operation of the apparatus described 
above is as follows. When the load switch 
$ is closed, current in the load circuit pass- 
ing through coil C will raise the contact bars 
27 and 31. This will open the circuit of coil 
16, allowing the armature 19 to drop against 
contact ‘point 20, thus short circuiting the 
resistor 5. Contact bar 31 will also be raised, 
opening the connection from conductor 2 


7 


25 to primary winding 3 and interrupting the 


charging current to the storage battery 9. 
When the load switch S is again opened; the 
contact bars 27 and 31 wil) drwp against con- 
tacts 30 and 24 respectively, thus closing the 


30 Circuit of coil 1G and also supplying current 


to the primary winding 3 from the circuit 1, 
2 via conductors 17 and 18. This will sup- 
ply excitation to the transformer T and 
charging current will be sent through the 
35 storave battery 9 via rectifier 6. 

When the charging begins, the voltage of 
the battery is below that at which the. relay 
R is adjusted to operate, so that the armature 
‘19 remains in contact with the contact point 


. 40 20 and the resistor 5 is short circuited, thus 


‘providing for a comparatively high rate of 
charging current. As the battery charge 
orcgresses, the baticry voltage will rise as 
illustrated in the characteristic charging 
curve of Fig. 2, until finally a point is reached 
: where the voltage of the Dattery is sufficient 
to lift the armature 19 against the force of 
the spring 21, and open the contact between 
-19 and 20, thus inserting the resistor 5 in the 
9 charging circuit and reducing the charging 
rate, 


. Nothwithstanding the slight drop in bat- 
tery voltage due to this reduction in tho 
charging rate, the armature 19 will still be 
held out of contact sith the contact point 20, 

‘since the reduction of the air gap in the 
" Magnetic circuit of the relay R caused by the 
upward travel of the armature will permit the 
armature to be held in this: position with a 
¢0- lower voltage across the coil 16 than that 
necessary to start the armature from its orig- 
inal position, 
The charzing current will therenfter ean 


a» 
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‘conductors 1, | until the switch S is aguin 


closed for supplying current to the lead cir- 
cuit. When this is done, the charging cur- 


rent to the battery will be interrupted by the - 


‘opening of contacts 24 since the transformer 


T will no longer be excited; the circuit’ of 
coil 16 will also be interrupted by the open- 
ing of contacts-30 permitting the armature 19 
to make contact with the contact point 20, 
thus providing for the higher charging rate 
for recharging the battery 9 whenever switch 
S is again opened. 

An important feature of my invention is 


the proper adjusiment of the relay R and 


the proper value of the resistor 5. It will be 
observed from the charging characteristic 
curve of Fig, 2 that the voltage of the battery 
#radually rises as the charging progresses 
until 2 point is reached where the charge is 
nearly completed and the voltage of the bat- 
tery rises much more rapidly for a short time 
me then becomes more nearly horizontal, 
indicating the final completion of the charge. 
The rapid rise of voltage coward the end of 
charge always occurs when a substantial rate 
of gassing begins, and it oesurs at practi. 
cally the same state of charge of the battery. 
Tn accordance with my invention, the relay 

is to be adjusted to operate at 1 voltage indi- 
cated by an intermediate point on this steep 
part of the yoltage curve; for example, at a 
voltage corresponding to about 2.4 volts per 


cell. With such an adjustment the relay R. 


will operate at practically the same point in 
the charge of the bittery regardless of con- 
siderable varistion*inthe charging rate, the 
amount of previous discharge or the temper- 
ature of the cells, and it is-unnecessary to 
rely on a very accurate adjustment of the re- 
lay, since the battery voltage is rising quite 
rapidly and varies through a considerable 
range in a short time. However, the battery 


105 


at this point is not fully charged, so that it is . 


hecessary to continue charging after the re- 
lay has acted. It is, however, desirable that 
this continuation of charge be carried on at 
a very low rate, so low that it can be main- 
tained more or less indefinitely without in- 


jurious results. The resistor 5 is designed to: 


reduce the rate to such a low value. This 
low charging rate should, however, be suffi- 
cient to complete the charge of the battery 
witbin a reasonable time and to keep the bat- 
tery in a fully charged condition thereafter 
by supplying a suthicient amount of current 
to make up for internal losses. 

Tt will be obvious to those skilled in the art 
that modification m be made in details of 
construction, procedure. and matters of mere 
form without departing from the spirit of 
the invention which is not limited to such 
matters or otherwise than the prior art and 
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"its load circuit, a charging source for the 
-battery, means constructed and arranged for 


changing the charging rate from a higher to 
a lower value, a coil responsive to the battery 
voltage and constructed and arranged to con- 


‘ tro) said means. and means responsive to cur-: 
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rent in the lead circnit for stopping the bat- 
tery charge and simultaneously disconnect- 
ing the controlling coil. 

2. In combination, a storage battery, and 
its load circuit, a charging source for the bat- 
tery, means. constructed and arranged for 
changing the charging rate from a higher 
to a lower value, a coil responsive to the bat-. 
tery voltage and constructed and arranged to 


control said means, and means responsive to 


current in the load circuit. said last named 
means constructed and arranged to stop the 

attery charge and disconnect the controlling 
coil upon the establishment of a predeter- 
mined flow of current in the load circuit and 
to restore the battery charge and reconnect 
the controlling coil upon interruption of cur- 


. rent in the Ioad circuit. 
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_ing current through said charging circuit _ 
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8. In combination, a storage battery and 
its load circuit, a transformer, a charging 
circuit connected with the secondary of the 
transformer and with the battery and con- 
structed and arranged for charging the bat- 
tery at a relatively high rate. means respon- 
sive to rise in battery voltage towards full 
charge and constructed and arranged to low- 
er the charging rate in said circuit, a manual 
switch in the load circuit, and means respon- 
sive to its operation, not only for cutting the 
primary of the transformer out of circuit 
and for putting said means responsive to bat- 


tery voltage out of action when the switch is - 


closed, thereby supplyng the load circuit 
solely from the battery, but also for connect- 
ing the primary of the transformer into cir- 
cuit when the switch is opened, thereby pass- 


and putting snid means into action. 

4. In combination. a storage battery, a 
load circuit eonnected.thereto, a source of al- 
ternating current for charging said storage 
battery, a transformer connected between 
said charging source and suid battery, a rec- 
tifier connected between one terminal of said 
battery and one terminal of the secondary 
coil of said transformer, a resistor connected 
in series circuit with the secondary coil of 
said transformer and with said battery, a 
shunt circuit adapted to short circuit said 
resistor, a relay in said shunt circuit, a cir- 
cuit including in series the coil of said shunt 
relay, a switch, and said storage battery, a 
coi; responsive to the current in said load 
circuit and adapted to contro! the switch in 
circuit with the coil of said shunt relay, a 
switch in circuit with said charging source 
adapted to be controlled by the coil in said 
load circuit, and a switch in said load circuit, 

5. In combination, a storage battery and 
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its load circuit, a charging source and its cir- 
cuit connection to the battery, means for ad- 
justing the charging rate to the battery selec- 
tively at either a higher or a lower value, a 
relay for controlling the adjusting means, 
said relay having a voltage responsive ex-- 
citing coil, means for connecting and discon- 
necting the exciting coil to and from the 
battery and a coil in said load circuit for 
controlling said last mentioned means. 
‘  . | * FRANK G. BEETEM. 
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